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Abstract 

4 

Previous studies have found that slower nqming latencies correlate' 

♦ 

y/i th the memory span difficulties of , learning disabled *(LD) 

children*(SpriY>g, 1976? Spring & Capps, 1974; Torgesen & Ho H ck, 

1980). The current study attempted to further clarify the relationship 

between speed and span by directly examining whether slpwer 

identification of item informat ion is the source of span difficulties 

in LD children. Forty-eight sixth grade boys participated in 

the study, 24 LD and 24 non-LD. The method involved pretexting 

each subject to obtain mean naming latencies for each of 8 classes 

of stimuli. The exper imentaL^procedure then presented each 

sub ject Iwith two memory, sj&n tasks: one using, stimuli that 

had produced comparable group n*vmin£ latencies, and the other 

0 

with^^t^inulu9 class that had produced significant group differences 
Jin naming speed. The results indicated that span * per formance 
varied directly with naming speed. Results were discussed within ( 
the* working memory framework of Baddeley and Hitch ^1974). 
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^ f 

• . ' r". 

The Relationship Between 
^ Processing Rate and Memory Span ' 

in "Learning DlsaBled Children 
Learning and reading disabled children frequently perform 
poorly on memory span t^pks that require immediate serial recall 
# (Corkfn, 1974; <l\jel8man , 1970; Koppitz, 1975; Rugel, 1974; Spring, 
1976; ^orgesen & Houck, 1980), At least two factors may be * 
responsible for these short-term memory difficulties (Torgesen , 

i m 

1977). First, due to the inadequate use of control processes, 

■ I 

learning disabled children may fail to spontaneously utilize 
mnemonic strategies to improve short-term memory performance. 
Support^ for this position may be obtained from those studies 
which demonstrate that learning disabled children fail to rehearse 
during immediate &£rial recall tanks (Bauer, 1977; Tarver, Hallahan, 
Kauffman, & Ball. 1976). The second factor that may contribute 
to the shortrtertn memory problems of learning disabled children 
involves the nonstrategic components of the memory system. 
Dempster (1981) reviewed t^p literature with .regard to the possible 
sources of developmental pnd individual differences in memory 

a 

» 

\ sp^n performance and concluded along with several other investigators 
(Case, Kurland, & Goldberg, 1982; Chi, 1977; ilut tfen locher & 
Burke, 1976; Spring & Capps, 1974) that item identification 
speed is a major source of span differences. Speed of^tem 
'-identification presumably reflects the automat ic it y of initial 
encoding operat ions . Given . that automat ic processes demand 

i 
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only minimal amounts of cognitj^p capacity, (Hasher & Zacks, 

*# - . 

1979), individuals who, are bIow to identify incoming Information 

presumably "have relatively lfess capacity Teft o^er for stpring . 

items and thus will have a shorter memory span than someone 

who identifies'items with relative ea*se f V(Dempste r , 1981, p. 79). 

f % J 



i 



One of the most well replicated findings is that learning and f 
reading "disabled children are slower than nor\-dl^|^Pd chitvireri 
on various naming speed tasks (Denckla, 1972 J j^ff kla & Rudel, 
1*976 a,b; Eakin & Douglas, 1971; Spring/ 1976; Spring & C^apps, 
1974; Perfetti & Hogaboam, 1975; Rudel, Denckla^fc Broman, 1978; 

9 

1 

Torgesen & Ho'uck,* 1980; Wlig, Semel, &-Nystrom, 1982), The m 

general purpose of the* current study to examine Whether 

speed of item identification may be responsible for the shoft- 

term memory difficulties of learning disabled children. * J 
■ S 

Severai studies of leatning and raiding disabled children 
have found that item identification speed correlates significantly 
with performance on various short-term memory tasks (Spring, 
1976; Spring pCapps , 1974; To'rgesen & Houck, 1980). Spring 6 
and Capps (1974)," for example, initially tested the speed with 
which skilled and disabled readers named sequences of digits, 
colors, and pictures. Disabled readers, were found to be consistently 
'slower than the skilled readers and these group differences 



were 



larger with digits. Using digits as stimuli^ the per formartf^ 



of the two groups was then compared on a probed recall taskf. 
The performance of disabled readers was inferior to that of ^ 
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The Relationship 5 
skilled readers in all hut the most recent serial positions. 

' m 4 - 

In addition, the size qf the primacy effect was foilnd to correlate 

i 

I 

significantly with digit naming speed. Spring and Capps concluded 
that the memory difficulties of disabled readers may be related 
tfo slow speech motor epcodlng: slower encoding processes use 
time that would otherwise be available for rehearsal activity. - 

N 4 

Spring (1976) later reached similar conclusions and found that 
digit span performance correlated significantly with digit naming 
epeed. . 

The most recen^at tempt to establish a relationship between 
item identification speed and memory span comes from Torgesen 
and Houck (1980). Three groups of children were compared: 
a learning disabled group who had been Identified as having 
digit span problems (LD-S), another learning disabled group ^ 
who exhibited normal digit span performance (LD-N), and a control^ 
group of non-disabled children. Ln Experiment 7 chi Idren -were 
asked to recall stimuli that were presumed toVliffer in their 
familiarity or in the ease with which 'they may be identified 
(digits, animal words, and nonsense syllables). Although no 
group differences were found in the recall of nonsens^ syllables, 
differences were observed with words, and still larger differences 
with digits. The failure of the LD-S group to recall digits 
better than words resulted In a significant group x v st iimilus 
material interaction. Mean naming latencies of digits and animal 
pictures were obtained in Experiment 8 in an attempt to determine 
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.whether slower encqding processes were associated with t\e digit 

span, deficit of the I.D-S group. Unfortunately, the demonstration 

• ... ■ d 

of a clear relationship between memory span proficiency and 

enccrding speed was obscuredjby the large variances obtained . 

with both groups'of learning disabled children. However, correlational 

data and ^ion-parametric statistics provide<^f qua \it ied support" 

« * 

for the hypothesis that encoding speed is related to individual 

diffprences in memory span performance. 

The above studies are noteworthy because they each have 
found that digit naming speed correlates with performance on ' 
a digit, span task. Un f or ttmately , correlational analyses do 
not allow one to state explicitly that slower item identification 
time is the source of individual differences in memory span 
performance (Case, et al., 1982; Dempster, , 1981) . The present 
study manipulated item familiarity in an attempt to determine 
whether individual differences in item ic|en,t i f icat ion speed- 
may be responsible for the memory span problems of learning 
disabled- children . The procedure involved pretexting subjects 
to determine mean naming latencies for each of eight classes 
of stimuli. Item familiarity was then r manipulated by presenting 
each of two types of stimuli on separate memory span tasks: 
(1) stimuli which produced equivalent namtijg latencies with 
learning disabled and non-disabled subjects »and (2) a stimulus 
class that produced significantly different mean naming latencies 
between the two groups of subjects. Tf. individual differences 
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" s 

in memory span performance are a function of item identification 

' , ■ v . * * 

speed, then learning disabled subjects and non-disabled subjects 

*• . ► 

w*should have equivalent memory spans when presented with stimuli 
that produce comparable group naming latencies. Qf\ the other 

h'and , group di fferences tn memory span performance should be 

i 

apparent when stimuli are used which produce significant group * #r 

differences in item identification speed. 

Method • V 

.Subjects* 

Forty-eight boys participated in the- experiment , 24 learning 

disabled $nd 24 jion-disabled , each from the sixth grade of a ' 

\ t 

predominantly white suburban sfchool district'^ The two groups 
were comparable in both age and IQ. The mean chronological 

r 

age was 11-8 fQr the learning disabled group and 11-9 for the 
^ntm-*disable<j group. The learning disabled gcoup possessed a 

» 

« 4 

mean Full-Scale IQ of 103 (Wechsler Intelligence Scale for Children-Revised), 

' / . • 

whi|.e the non-disabled group had a mean IQ of 107 (Slosson Intelligence 

m 

Test). • ' • 

Ayi learning disabled participants had, been previously 

identified by school district personnel and were receiving special > 

, _ 

Education services at the time- of testing. Members of the learning 
cjisaljled group did not manifest any speech difficulties, nor 
were they receiving any prescribed medication. Verification * 
of a learning disability by school personnel, was based primarily 
upon two criteria: (1) fche child scored above the minus one 
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standard deviation level on an Individually administered intelligence 

test and (2) the child's standard score in one 'or more academic 
j 

areas was 1.3 or more standard deviations below the child's 



ability level. Learning disabled children were selected wh^se 
primary deficit\/as in the area of reading. The mean total 
reading grad^^leve,l for the learning disabled group was 4.5 
( Woodcock-Johnson Achievement Test). 

Children who were assigned to the non-disabled group we^e «» 
functioning at or above their expectancy level in all academic 
areas and were not receiving any special education services * 
at the time of testing. The average total reading grade level 
for the non-disabled group was 7.1 (California Achievement Test). 
Naming speed pretest 

♦ 

In orjler to identify stimulus classes that could Undesignated 
as either "nominally 11 of "functionally" equivalent, the mean 
naming latencies of eight classes of stimuli were obtained for 
both the learning 'disabled subjects and the non-disabled subjects. 
Nominal equivalence was defined as those stimuli that were obtained 

f V 

from a specific class, yefc^produced naming latencies that differed 

significantly between learning disabled and non-disabled children. 

Functional - equivalence referred to those stimuli that wer-e* obtained 

i 

i 

from two di f f erent s t itnulus classes, but produced comparable 

/ 

naming latencies with both the learning disabled and non-disabled 
subjects. -"Comparable" here refers to the absence of a significant 
statistical difference- ' * ( 
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Materials and apparatus . , Nipe stimuli were created for 

each pf eight stimulus-classes: digits, letters, nonsense syllabi 
t w . 

colors, shapes, animals, use objects, and toys. The pictorial 

items (colors , shapes , animal s , u 1 ? e objects, toys) consisted 

of black and wh^:e line drawings except for colors which were 

made up of color patches. Line drawings were selected that 

were judged to be high in their 'familiarity and that consistently 

produced a specific name (Snodgcass & Vanderwart, 1980), The 

symbolic stimuli were typerf using "orator" typeface and consisted 
■ * 

of single uppercase consonants *(H, F, K, Z, W, B, L, R, C)/ 
digits (1-9),, and monosyllabic nonsense words. In additidfh, 
five pictures representing various modes of transportation were 
also developed to serve as practice stimuli, * , ■* # 

Each stimulus\was presented successively on a 2 x 2 inch 
(5,08 x 5.08 cm) slide by means of- a Kodak Carrousel projector 



equipped wi(^TT a solenoid-operated shrutter. Slides were* pro jected 
on a white posterboard screen. The onset 'of each slide Initiated 
a Hunter Klockounter (Model 120c). The timing mechanism was 
terminated through a voice activated relay- system when the subject 
verbalized his response into *a mifcrophone. 

Tej?tinff procedure . Each subject was tested individually, 
during a single' 10-min session one week prior to the memory 
span test . The sub jec t was first given general ins true t ions 
that emphasized the prompt, yet accurate naming of each stimulus.- 
These instructions were then followed by a series of five practice 
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/ 



trials, / • " 

To eliminate the possibility of practice effects, the order 

of preaentat lion of the eijght classes of stimuli was varied 

acrt-Ss subjects, 1 The order of list presentation was determined 

-by randomly assigning groups of three subjects to a row of a 

* 

Latin Square. The nine stimuli within a given class were presented 

r * 

once in a random order. Sp^^ of identification was computed ^ 

■ / 

for ,each subject by determining the median response time for 

j^kch of the eight stimulus classes, - 

£ased on the information obtained from the pretest, stimuli 

were selected atid ^esignated as either nominally or functionally 

equivalent ., Letters were chosen to serve as^nominaljy equivalent 

stimuli 'for several reasons. , First}, letters produced, significant H * 

t 

group differences, t_ (46) 25 4.026, j> < .001, with the mean naming 

. latencies of learning disabled children and non-disabled children 

being msec and 516 msec; respectively. Second, compared 

i 

with tjie other stimulus classes, letters produced relat Ively 
k little variance. In naming speed^in both the learning disabled; 
group (SD ~ 100 ms$c) and the, non^disabled group (SD. =^50 msejf:). 
Third, the error proportion for both groups was less than 17*. * 
It is important to note here that digits displayed these same 
statistical properties and could haye also befen selected to 
represent the contll t Ion of nominal equivalence . Let ters were 
chosen instead of digits to eliminate the possibility of the 
results being confounded hy subject-generated grouping strategics. 

s - 
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Toys (for the*<non-disabled group) and use objects (for' 
the learning disabled grpup*) were selected as functionally equivalent 



stimuli. This decision, was based on the observation that non-disabled 
subjects named toys and learning disabled subjects named use* 
objects in comparable amounts of time, 762 msec and 785 msec, 

respectively T -t (46) = < I. In additiop, toys , produced relat ively 

, . \ \ 

littie variance in the non-disabled group (SlJ = 90 msec) and 
use^bjects little variance- in the learning disabled, group - (SD 



■= 110 msec). Finally,, toys and use objects produced Equivalent 
e.rrov proportions (1%) with the respective subject groups, 
Metnory span test ./ 

Materials and apparatus * Sixteen picture sets were created 
for both the nominally equivalent (letters) and functionally 
equivalent (to^s and use objects) 'stimuli. In each case, sets 
of stimuli were generated by randomly selecting items from the 
nine possible stimuli within -each stimulus type (nominal or 
functional). Ttifcms were ratrdomly assigned to each set with 
the res tricti^t that no item appeared twice in the same set , 
nor^jlid two items appear together in the same order in adjacent 
sets. Sets ^increased from two to nine ite'fns vn length, with 
two trials at eafch level. To^el imlnate the possibility of order 1 
or practice effects, the order of presentation foY nominal and 
functional stimuli t^gs alternated across subjects, resulting* 
in K^o presentation <orders being used equally often with both 
groups of subjects. , 
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^Shapes, a stimulus class fc he preceding najming s.peed 

* ' ^ 4^ * 

pretest, served as practice itemST Stimulus items were randomly 

i 

/ ... 

arranged within the practice set. The set increased from two 
to five pictures in length, with two trials at each level. 

* ■ ! 

Both practice and test stimuli were presented successively 
on 2 x 2 inch (5.08 * *jfcp8 xm) slices by means of a Kodak Carrousel 



projector 



y^sClf^g pr^pedute .^^Each "child was tested Individually 
in a eiwgle A0-min se£pi6n. * Subjects* were informed that they 
would be seeing a series of pictures and^oii^d be requested 
to^recall the picture^ In -the order in which 'they were presented. 
Each sybject wis ih66ruct$jv<- : t0 watch all the pictures before 
responding and to su^vocally rehearse eafch set. To assure 

- •■' V". • ' ' 

understanding, the reheJ&sal strategy was described and demonstrated 
with 3 sets of animal p^ja-tures that increased from 2 to -picture's 
in length; Following this, d^ftiqpst rat ion, each subject was^ asked 
to practice rehearsal and attempt recall of 3 sets of shape 
pictures. As in the previous demonstrat ionj sets increase from ' 
2 to 4 items, with each set, being presented at a 1 se£ rate. 

Gbservat ions of lip movements indicated that all subjects understood 

j . 

and utilized the 1 rehearsal strategy. > 

*** 

Upon completion of the practice trialj^each fmbject^was 
then given the test trials. Test items were presented at a J 
1-Qec rate. Subjects were periodically reminded about the importance 
6f rehearsal. Prior to the increase in sefsize, the subj< 
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was Informed that the size of the list would increase by one 
additional item. The task began With a 2-item set and ended 
When the subject made crrorfr pn two consecutive set sizes. 

Scoring , Huttenlocher and Burke's (1976) adjusted scoring 
ptocedufe was used. This method of scoripg gives partial credit 
to incorrect memory spans if part of the response is given in - 
the correct serial order. Partial credit is also g4ven to individual 
items even if they are recalled out of ordet*. 
Design £ 

1 < ' 

The design vas a 2 x' 2 mixed factorial, with subject group 

(learning disabled or non-learning disabled) as the between 

subjects factoir, and type of st ijnulus equivalence (functional 

or nominal) .as the within subjects factor. > 

Results ^ v 

i 

Analysis of memory span scores revealed <a significant main 
effect pf subject group, _F (1,46) ra 5.951, j> < .01, as learning 
disabled children had a lower overall mean memory span score 
than the non-disabled children . .The mean (MX memory span scores 
for the laming disabled subjects and the non-disabled subjects 
were 24.75 and 34*46, respectively. In addition, the effect 



of stimulus type was also significant, JF (1,46) = 33.635,; 
t i 

* 

£ < .001, with nominally equivalent stimuli producing greater 
mean memory span scores (M tt *30.46) than functionally equivalent 
Stimuli (M 68 23.67). This reftult is consistent with the prevJpus 
research that has found memory span to vary with item Identification 
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speech or item familiarity (e.g., Qa9e, et al., 1982). Finally, 
the- sub ject group x%|bt imutus type interaction was also found 

n 

to he significant, £ (1,46) - 13.431, j> < .001. 



) 



Insert Figure 1 about here 



The interactive effects of subject group and stimulus type 

may be clearly seen in Figure, 1 where mean memory span scores 

and mean. naming latencies are presented for each type of stimulus 

r * 
and for each subject group. Group differences in memory span 

varied directly with type of stimulus equivalence. When learning 

disabled children and non-disabled children were presented with v 

stimuli, that produced comparable naming latencies (functionally 

equivalent), similar memory span scores were obtained, M = 23-.^^ 

and 23 . 84 for the respect ive groups . On the other hand , when 

stimuli were presented from a class that produced group differences 

in mean naming latency (nominally equivalent ) , learning disabled 

children exhibited memory span scores (M m ^26.Q) that were significantly 

lower than those- obtained with the non-disabled subjects 

(M « 34.92). 

Dl ecussion 

The results ^of the present! investigation resolve an important 
interpretive issue associated with earlier correlation studies 
(Spring, 1976; Spring & Cappn, 1974; Torgesen & Houck, 1980) 
by establishing that a cAusa'l relationship exists between item 
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lent if ica Hon ^heed and 'memory span performance* . The current 

findings support Vhe conclusions of previous inves.t igators by 

•indicating that the additional time needed by learning disabled 

children to identify incoming information is an important source 

» 

of their memory span difficulties. This is not "meant to imply 

i 

t^iat differences in strategy utilization do not at t imes Contribute 

* " 
to the short-te^p memory difficulties of learning disabled children. 

Evidence is abundant shoeing that learning disabled children 

often fail to produce j^lategies that would facilitated their 

memory performance. The argument here is based on the observation 

that the completion of warious memory f 'operat ions is dependent - 

■ ) * 

upon the speed with whjtch t,hey are executed (Posner, 1978). 
Given that naming speed tasks primarily measure the speed of 
access to phonological or speech codes In lojjg-term memory, 
individual differences in these prpcesses appear to contribute 
to the memory span difficulties of learning disabled children. 

v.. I 

The use of phonological code§ plays an important role in- 
the working memory framework of Baddeley and Hitch (1974). 
Working memory consists of two components: a central executive 
and an ^jrticulatory (rehearsal) loop. The central executive 
directs processing and storage activities and is renponsible 
for the utilization of control processes. The nrticulatory 
loop functions as an output buffer and uses phonological codes 
obtained from long-term memory^to temporarily hold verbal information 
in its correct serial order. The art iculatory loop allows one 
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to maintain verbal information aubvocally and is thus responsible $ 

for rehearsal activifcy>in the memory span task. The fact that 

memory span performance is impaired by the phonemic similarity 

of to-be-remembered items is interpreted as evidence.- for the 

phonemic basis of the articulatory loop (Baddeley, 1978). the 

capacity of the art iculatory loop id considered to be temporally 

limited, ^hus, the storage capacity of "the articulatory loop 

varies with the speed with^which to-be-remembered items may 

/ • 

be articuldtedt (Baddeley, Thomson, & Buchanan, 1975). 

I • ' 

Jorra (19$3) used the working memory framework to review 



those studies that have examined the memory skills of disabled 
readers. Observing that disabled^rfeaders, frequently exhibit 
memory span deficits, have difficulty remembering order information, 
are less apt to use rehearsal, and are less likely to experience 
phonological confusions during the initia^l phases'of reading 
instruction, Jorm concluded that disabled readers do not adequately 
employ the articulatory loop. Jorm took the position that these 
difficulties are the result of problems in the initial storage 
of ^phonological information in long-term memory. The slowness 
with which disabled readers retrieve phonological and speech 
codes during a naming speed task presumably reflects the inadequate 
storage of such information* These difficulties are ultimately 
reflected in the inadequate use of the articulatory loop. On^ 
the baisis of Jorm 1 8 theoretical account, the present "findings 

r 

suggest tjhat older learning disabled children do not use the 
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articulatory loop efficiently, and that this inefficiency may 

be-due to the inadequate storage of phonological informat ion . 

Difficulty in the storage of phonological information may 

also explain why learning disabled subjects did not show more 

of an increase in memory span performance as naming spe^id improved. 

Both groups of subjects obtained faster naming latencies and 

higher memory span 6cores with nominally equivalent stimuli 

(letters) than with functionally equivalent stimuli (toys or 

use objects). For npn-disabled subjects, a 327o increase in , 
• * 

naming speed was >accompanied by a 467o growth _in memory span 
performance. On the other hanji, the 22% improvement in naming 
speed observed with learning disabled subjects only accounted 
for an 117» gain in memory span performance. A closer examination 
of the recall data for letters suggests that phonological confusions 
may have been responsible ftfr thi^s relatively small gain in ! 
memory span performance. Two types of confusion or substitution 
errors were identified: int ra-experimental and extra-experimental. 

int ra-experimental confusion error was defined as those instances 
in which a subject substituted an item on the current list with 
an /item^rom a previous list that was phonologically similar 

I- % • 

(e.g., G for Z). An extra-experimental confusion error referred 
.to those instances in which the subject used a phonologically 
similar item from outside the experiment as a substitute far v » 
dn item on the current list '(e.g., C for Z). While non^of 
the non-disabled subjects exhibited these confusion errors, 
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over half of th£ learning disabled subjects committed substitutions. 
Seventy-two percent of these errors were intra-exper imental 



to 



and 28% consisted of extra-experimental intrusions.. Although 
these substitutions may reflect either storage or retrieval 
difficulties, inadequate storage is perhaps the more likely 
candidate. Less precise coding and inadequate storage apparently 

T 

resulted in the retrieval of letters * that were phonologically 
similar to previously presented letters. 

The phonological confusions experienced by learning disabled 

children may be related to. the relative slowness with which 

. i 

they named letters . Phonological confusions' represent a form 
of response competition or interference that occur$ at the time 
of retrieval. Earlier investigators have noted a Relationship 
between susceptibility,, to interference and reduced verbal encoding; 
(Speed. In his review of those factors that may be responsible 
for individual and developmental differences in iMmqry sp/m ' 
performance, Dempster (1981, £.95) concluded that TOfeory for 
order information, susceptibility to proactive interference, 



and item identification speed are related factors that'tnay jointly 
determine spar! efficiency. A similar conclusion was reached 
by Perfetti and Lesgold (1977) in their discussion of how the 
inefficient use of short-term memory contributed to the comprehension 
pfroblems of- disabled readers. According to these authors, the 
inadequate use of short-term memory by, disabled readers is due 
to the slowness with which they process verbal Information. 



) 



ERIC 



J 



19 



The Relationship 19 



Slower coding processes presumably result in the establishment 

f 

of incomplete njemory codes that are not only difficult to retrieve, 
but are also less ordered and more susceptible to the inVerfer f ng , 
effects of prior related encodings (pp. 171-172). 

In summary, both the current results and those obtained 
in previous investigations (Spring, 1976; Spring & Cappfc, 1974; 
Torgesen & Houck, 1980) indicate that slower identification 

* 

of item information is an important source of memory span problems 

in learning disabled children. Attributing a memory span deficit 

to the slow retrieval phonological and speech codes in long-term 

memory is consistent with the view that learning and reading 

disabled children are best viewed as possessing a dysfunction 

in one or more aspects of linguistic functioning (Vellutino, 

1977). Furthermore, the present findings reinforce Torgesen 

and'Houck's (1980) observation that structural limitations, 

rather than differences in strategy utilization, may play a 

major role in the span difficulties of learning disabled children. 

The observation that slower access to phonological codes may 

also be accompanied by an Increased susceptibility to interference 

was based upon a post hoc examination of the data and must be* 

regarded as speculative. Future studies of leatning disabled 

children will want to examine the possible interactive effects 

of processing rate, memory for order information, and susceptibility 

to interference. 



ERIC 



20 



The Relationship 20 



References 



Baddeley, A. D. (1978). The trouble with levels: A reexamination 

of Craik and Lockhart's framework for memory research. Psychological 

Review , 85, 139-152. 
Baddeley, A. D* , & Hitch, G. (1974), Worjcing memory. In G. * 

H. Bower (Ed,), The psychology pf learning and memory , 

(Vol. 8). New York: Academic Press. $ 
Baddeley, A. D. , Thomson, N. , & Buchanan, M. (1975). Word length 

and the structure of /short- term memory. Journal of Verbal 

Learning and Verbal Behavior , 14 , 575-589. 
Bauer, R. H. (1977). Memory processes in children with learning 

4 

disabilities: Evidence for deficient rehearsal. Journal 

of Experimental Child Psychology , 24\ 415-430, 
Case, R. , Kurland, D. M. , & Goldberg, J. (1982). Operational 

efficiency and the growth of short-term memory span. Journal 

of Experimental Chfld Psychology , 33 , 386-403. 
Chi, M. T. H. (1977). Age differences in memory span. Journal 

of Experimental Child Psychology , 23 , 266-281. 
* Corkip, S. (1974). Serial-ordering deficits in inferior readers. 

r 

1 Neuroggychologia , 12 , 347-354. 4 

Dempster, F. N. (1981). Memory span: Sources of individual 

<* 

and developmental differences. r^choTo^fccSl Bulletin , 

s 

89, 63-100. 

r 

Denckla, M. B ; (1972). Color-naming defects in dyslexic boys, 
Cortex, 8, 164-176. 



J 



mc- |j 21 



The Relationship 21 



Denckla, M. B. , & Rude I, R. G. (1976, a). Naming of object-drawings 

i 

by dyslexic ancj other learning disabled children. Brain 

• * 
and Langyage , J}, 1-15. 

Denckla, M. B. , & Rudel, R. G. (1976, b). Rapid 'automatized' 

naming (R.A.N.)i Dyslexia differentiated from other learning 

. / - • / 
disabilities. Neuropsychologia , 14 , 471H479. 

Eakin, S. , & IJouglas, V. I. (1971), "Automatization 11 and oral 



reading problems in children. Journal of Learning Disabilities , 
4, 31-38. » 
Hasher, L. , & Zacks, R. T. (1979). Automatic and effortful . 

processes in memory. Journal of Experimental Psychology: 
. General , 108" , 356-388. , 
Huelsman, C. B. (1970). The WISC subtest syndrome for disabled 
* readers. Perceptual and Motor, Skills , 30, 535-550. 



Huttenlocher , J., & BurVe, D. (1976). Why does memory span 

v - increase with age? Cognitive Psychology , 8^,.. 1-31. 
Jpnn, A. F. (1983). Specific reading retardation and working 
menjory: A review. British Joornal of Psychology , 74 , 
V 311-342. ■ ' v ? ' 

^Koppitz} E. M. (1975). Bender Cestalt Te-at, visual aural digit 
span test and reading achievement . Journal of Learning 
Disabilities , S $ 32-35. ^ 
Perfetti, C\ A., & Hogaboam, T.*(1975). Relationship between 

single word decoding and reading comprehension skill. Journal 

. ' ■ I 1 

■' t. 

of Educational Psychology , 67 ,,,^6 1-469, 



22 



The Relationship 22 



# 

Perfetti, C. A., & I.esgold, A, M. (1977). ^scourse comprehension 
.and sources of Individual differences. In M. A. Just & 
„. P. A. Carpenter (Eds.), Cognitive processes i*n comprehension . 
, New York: John Wiley. 

Posner, M. I. (1978). Chronomet ric explorations of mind . Hillsdale, 

if ' i 

N. J, * Lawrence Erlbaum Associates . 
Rudel, fl^C, Denckl'a, M. B. , & Broman, M. (1978). Rapid silent 

response to rep^ated target symbols by dyslexic and nondyslexic 

; * children. Brain and Language , 6, 52-62. C ^^Z^ * 

Rugel, R. P. (1974). WfSC subtest scores of disabled readers: 

A review with respect to Bannatyne 1 s recategorizat ion. Journal 
i — — — 

\ 

of Learning Disabilities , 7_> 48-55. ' 
Snodgras^, J. G. , & Vanderwart, M. (1980). A standardized set" 
' % of 280 pictures: Norms for name agreement image agreement, 

I familiarity, and visual 'complexity. Journal of Experiment al 

Psychology! Human Learning and Memory , 6^, 174-215. 
Spting, C. (1976). Encoding speed and memory span in dyslexic 

children. Jourhal of. Special Education , 10, 35-40. 

9 

Spring, C, & Capps, C. (1^74). Encoding speed, rehearsal, f 
and probed recall of dyslexic boys. Journal of Educational 
) Psychology , 66, 780-786. 

> v Tarver, S. C. , Hallahan, D. P., Kauffman, J. M.,*& Ball, D. 0 

Jj^ W. (1976). Verbal rehearsal and selective attention in 
* children with learning disabilities: A developmental lag. J 

\ 

Journal of Experimental ChJ.ld Psy chology, 22, 375-385. 

ERIC . * *° . ■ 



The Relationship. 23 



Torgesen, J. K. (1978-1979). Performance of reading disabled . ' 
children on serial memory tasks: A selecti\e review of 
recent research, Reading Research Quarterly , 14 , 57r87/V 

Torgesen, J. K. , & Houck, D. G, (1980), Processing deficiencies \ 
- of learning-disabled children who perform poorly on the 
digit span test. Journal of Educational Psychology , 72, : 
141-166. - t\ ' \ 

Vellutinq, F. R. (1977). Alternative conceptualizations of 

dyslexia: Evidence in support of a verbal-deficit hypothesis 
Harvard Educational Review j 47 , 334-354, , r 

Wiig, E. H., Semel, E. M. , & Nystrort, L. A. (1982). Coi&pariso 

s 

of rapid naming abilities in language^jearning-disabled 
and academically achieving eight-year-olds • Language, 
Speech, and Hearing Services in Schools , 13 , 11-23.° 




24 



The. Relationship 



p 2\ 



H 



Figure Captions t 
figure 1 . ' Mean memory span scores and mean naming latencies 
( ia parentheses) of learning disabled and non-disabled subjects 
for both nominally equivalent and |unctionally equivalent stimuli 
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